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PbOAs(O)O——— a.nd organolead ‘arsiniates; Z=PhOAS{O)==; has -been

prepared. ‘Alternate methods of synthc515 are discussed in connection with the.relative ease of- eleavage of leade

carbon and{_ l_es._d—_halogen bonds.

Organometalhc compounds contammg M——O—M
rits (M =
known for. molecules where M atoms are identical

~and with M=O-M’ units where M and M’ are
dissimilar but of the sarme ‘groip or subgroup in-

. Less -well. ‘known, are ‘com-
pounds contammg a group IVA element connected: -

_Eom oxygen to argroup: VA element ‘other then‘_'-

- the penoche table

n1trogen, phosphorus, ot carboit. -
- The synithesis of M—O—As type: compounds,
'example, where WS SﬂICOII, 18 gerrnamum Aior

“tinS~7 Has’ beer ' described only ‘recertly. - ‘The
"correspondlng lead- compounds ‘have ‘not ‘been
. 1ts tetra- :

irivestigated for the case Where lead i
valent state; v _
Synthes1s “of Orga,nolead Arsinat

'metathems reaction ‘between' sodxum d1methy1— o
L _-arsmate and: tnphenyllead chlonde ‘wasisuceessful

 The: satie

react1on whetl carried: out i benzene resulted in
: __-yields of : less than l%, m accordance w1th the' :

“equation T

'(CHg}oAs(O)(I)\Ta + (cﬁﬂs)gpbm '—a-

(csnﬁ)aebons(oxcns)ﬂ (I} + Nac1_ 3

. :The monosubsntuuon product (1) resultlng from

' :the reaction of sodium’ d1methylarsmate with di-
phenyllead dlchlonde Was 1nsoluble in dnnethyl—_ o

_ Vformannde

“ ( CHa)zAS(O)ONB. + ( C5H5 )2PbClg

(1) BOM Lary am‘lK C Fnseh J Am Chem Soc 79 2140
{2857},
ey M Schm;'
“(1958) 1

emi H Schm:dbaur Ange :_

So.c 82, 4542 (1980) ‘63, 549 (1961). : .

(4) ™ Schmldt I Ruchsch ‘and H. Schml(lbaur Ber 94 2401
(1961) Ll
L {B) AUW. W.ilée H E Van Esscn a.nd 'I‘ W Zburmk U s, Pat
‘Chem:  Absie., 81, 4424 {1657):

(7) B.L. Chamberland and A G MECDla!‘mld 7. Chem. Sot. o,
445 (1960) B - o Peresles

The propertxes of these compounds are dlSCL‘ESSCd

“metal or ‘metalloid atom) are well .

'fo'r :

' _:sen51t1ve to. ac1d cleavage Yaib

. électric
‘take. place by a molecular attack of HX on. tetra- '

’ phenyllead %

-vetits than those formed from strong acids. -
s compheated by thecase of monosubstituted acid,
“saltsiof tetraphenyllead ‘becatise of the sensitivity
B to cleavage of the second phenyl group by acids to

'.Chem L, 553 :

{3) B. X Chsanber!and ancl A G MacharmJ "'I Am Chem ’

(1950).

The 1nsolubﬂ1ty of IT in' d1methylformam1de
undoubtedly was" repous:ble for - the “fact “that
longer reaction ‘tifmes  irt-the: presence of r'excéss
sodiunt “dimethylarsitate: failed to produce the
disubstituted product. _

“Ton Cleavage of Tetraphenyllead —The electro-
nega.hwty of the gronp IVA elémients is'’known to

‘yaty widely: - Relative ‘values for carbon;-2.55;

silicon; - 1.76; . germanium,. 1.40; tin, 1.37; and
lead, 1.13" are related to the observed differences
in‘reactivities  of: compounds’ containing . group

IV A elements bonded directly to:carbon:; Large
-_'d,tfferences in reactivity. have been. ‘noted -even
: between tetraphenyltm and tetrapheny]lead and

The reactxon of tetraphenyllead W1th HCl is

.stepwlse and can be controlled so ‘as. to. 1solate

either the: monohallde ot the. relatwely 1nsolub1e_

. dihalide. . ‘It has mot been - possible - to extend.
“this subsutunon process to the tri- or tetrahalide.

It has heé ""suggested that because of the fow’ di-
ohstant’ of benzene these reactlons may .

- Maity- organolead compounds have been pre—
pared. by -the teaction of tetrasubstltuted lead -
compounds ‘with mineral or organic acids.*™ “The

salt-like character of these compounds is suggested-
by the: fact that-compounds derived: from weak

acids® generally ate ‘mote soluble in organic sol-

(S) R. L Shelme and K S P:tzer, g Ckem Phys, 18 595

{9 (a) K Jun—Young Dzsser.!at: 2. Abstr 2L, 3271 (1961), (b}

‘R. E. Dessy and K. Jim-Youny, J. A, Chem. Soc., 83, 1167 (1961)

. (1 H. Gilman andj D. Robmsou, ibid:, B1, 3112 {1929)
(11) R. W, Leeper, L. Summers and H. Gilman, Ckem Rev., 54

101 {1954)

QUARTF“ MCSIE’J‘ R’-‘SEARCH &

This



918 Marcoim C. HENRY "

~ Inorganic Chemistry.

IX —— [(CeH;)3(CHPBOAS(Q)CH)LO . (X)

yield the disubstituted acid salts.” Tnphenyilead; A

“chloride, for example, when allowed to react with

glacial acetic acid, readily forms diphenylchloro- ..
fiphenyllead acetate when allowed

ledd acetate T
i~ito-react with dry: hydréchioric acid in benzene
also forms dlphenylchiorolead acetate 1mt1aHy,
"*'i-'howefrer, Arpofi- further’ re%chon, the acetate ion'is
displaceds tosffs Wliphenyllead dichloride, due

.primarily. . to the almost complete msolubIhty of -

-the‘latter in-organic solvents.:

benzylarsonic acid when allowed to react with
triphenyllead chloride in methanol produced:- an
organolead diarsonate, whereas. if propylarsonic
-acid was used.in, equxvalent molar quantities only
the monosubshtuted product was obtained, i.c.

(CGHE)anCI + ZCSHBCHEAS(O)(OH)ﬂ -“———‘* i
(CBHs)zpb[OAS(O)(OH}CHEC«sHa]z (HI) "f‘

Hc1+cgm_' '

o
’(CGHs)aPhC1 + CH3CH2CH2A.5(O)(OH}2 SRR

(CSI{E)B(Cl)PbOAS{O)(OH)CH2CH2CH3 (IV) + C'GH(!' o
' : .phenylchlorolead:aceta_te

* determines whether a-mono- or disibstitution has.
- takeii place since diphenyllead’ diai:et'atebrys’tal«_:' o
lizes from: glacial acetic:acid: uponi standing and

Y C5H5N=.
1 BRAKOXOMY oy

(C5H5)2PbI0AS{O)(OH)R]g g

usmg én—mtrophenyia.rsomc acid resulted also m._

the 1solatxon of compound VI _
i o H N
(CJI;).Pb + Zm-NOgcsH‘As(O){OH )2 ——

Reachon of tnpheny]lead chlonde and methylap
-Sonic:acid - in! pyridine ;gave ‘anomalous: results.
Iti this case two-products, VHI and:IX, were iso-

lated, the former containing a; ratio.of lead to ar-

senic of 2:1.  The:second product was apparently
the: onosubstitution product, which. upon heating
underwent dehydration to form the corresponding
. anhyd.nde (X).” Thus, it is concéivable that’ the
-followmg reaction :occurred: : ST

'(csHs)gpbm . CHAKGYOR s

[{Csﬂs)s(Cl)PbO]gAs(O)CHs (w}m) +
(CeH b (CI)PbOAs(O)(OH}CHg (IX)

VI 2CH, .

Rea,ctmn between dxpheny}lea.d dichloride and:

* gisodith methylarsonate i dxmethylformmde : _

yields a white powdery material whose analysis -
indicates a lead-arsenic ratio of 1:1. ' It was not
possible to characterize this compound further,
although presumably the initial reaction involvés

..a metathesis to form e1ther a hnear cha;n strue-
. ture (XI) T

Organolead Arsonates. —Two equxvalents of~ (CGHE)szClg o CHa As(O)(ONa)z—-——)-

i Feed .;As_—o~1=b—_o;: L (XD) -+ NaCl-
o -c"Hé CsHa foi

ora CYCIIC dnner (XII)

(Cf,Hs)sz <(0»«As(0)( CHz)—‘O)2> Pb( CﬁHs)z (XII) _

Reactlon of Organolead Arsonates Wlth Glacxal :
Acet:c Acid.—The reaction. of.- organolead arso-

_-nates with, glae1al aeetxc ac1d makes. it p0531b1e to

" “replace the arsonate groups by acetate, yielding:in
these ‘cases either- diphenyllead diacetate or:di- . .
.~This reaction: quickly - '

can’ be ‘easily.: identified; whereas’ d1phenylch10ro-_

" lead acetate decomposes before: meltmg and is,in.
~:solublein glac1al acetic acid. RS e
- Since: a- mininrum; of twos phenyl groups aré "

assumed to be'attached to the lead atom and since” -

© - clemental analyses determine the lead-to-arsenic

ratio, it is possible to 1dent1fy all four, groupings
attached to the central lead atom. ~ In the absence
of this reactxon it is poss1b1e to have a Pb:As

‘ratio” of 1: 1 and threé poss1'n1e conﬁgurations, S
either the ~ monosubstxtuted (CGH5)2CIPbOAS—. L

(0)==the disubstituted cychc product (CsHs) 2Pb-

<{OAS(O)(R)O}2>Pb(C5H;,}2, or & polyter. ' In’ 5

its simplest sense this reaction: with glacial: aLetxc'.- :

‘deid iy ‘beconsidered as a: quahtatwe test for__ .
_-the presence of chloride.. - : :

. These comipounds,. havmg no meltmg :pomts
up to 260°, all are insoluble in the common orgamc- 3
solvents, thus smaking. punﬁcatzon difficalt.” Asa |

result the elemental analyses are, more. often than
Ithis
felt, however, that they are. suﬁ‘lmenﬂy deﬁmtlve_ Lo

not, unacceptable by normal standards

to establish the identity: of ‘the compounds de- *
scribed. It was not possible. to. ascertain, whether_. _
inter- or mtramolecular dehydratxon was fespoti-
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sible’ for - the . deviations noted.: * The infrared:

' spectra of these compounds mdicate that in'certain

cages. this may ‘be the case.

rently are being carried out to clarify this point. .
.Infrared Studies.—Our studies have showi that

' the infrared: spectra of organoarsonic -acids-have
sotné useful absorptrons which'aré pertment tothis -
: benzyl-;. ,B-f:

- chiorovinyl-, aIlyl— propyl— m—mtrophenyl— P
" hydroxyphenyl-, atid butylarsonic acids. all ‘show -

'mvesugahon._ Methyl— phenyl—-

. intenge broad absorprmus at ca:2702-and 2381~

2272 cm. 1 ‘using” potassmm bron:ude pelletmg'
_ T£1 is assumed these’ absorptrons are
" ‘associated with the OH stretchmg vibrations, since -
. ‘these absorptron ‘bands.are absent in the: cases, of, '
‘ tnphenyiarsme, arsemc tnomde, aud methylaraue '

B techmnigues, -

oxide: i

Infrared absorpttou cha.racterxstzc for aromattc' ;

compounds of lead appears as.an intense parrow

tiom. Durmg the ‘course 0 ;tI:us 1nvest1gat10n;
however, 1t Was noted that: with afyllead acetates; -
T i "_ates, that 1s Where there exrsts* :

~almost: disappears:

e A

; :absorphon bands: in.-the. 750950 cm.=! region
. which are abséntin the starting niaterials. -

AE bonds - Phéle bands Are inténse, ‘sometifres

multiple i in nature, and broad Iri the case of the_"
organotm arsonates new, mtense, broad bands m
the .same: general ared: of the spectrum are char—-

acteristic.?

The tnphenyllead denvatwe of dxmethylarsume'
acrd (compoutid I) ‘shows two intense bands ‘at
875 and 834 cm'—l,'wherea,s ‘the dlphenyichloro-j E

lead derivative, compound II, shows an mteuse

band at 790 cm.~! that predonnnates the. spec-.

trur: Both compounds show the expected methyl
and phenyl vxbra‘uons plus a weak phenyl—"-Pb

(12) 5. @l Nétkas;

: Janssen, Chew. 1y
(Lundou) 208 (1050); B MIENITTTRG

Iuvestrgahous cur—j

: ' We have rioted this. band:; :
' to befmvar;ant for e. large uumber of: organolead

' absorphon deereases markedly aud 111 some cases: ;

CAryltin: compounds have an,

'_f-analogous a.bsorptron ‘at 1070 em. ™ and- it hay

: oted that 111 the ea.se of ary_itm arsonates -
a nd'_a!most dlS—:- '

genera.l, the organolead arsonates showf-

These:
- bands presumably are associated with the Pb-O-

' (1927}
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-Table:1 summarizes the infrared spectra.of.the.
organolead arsonates {cmi—1). - Column A:lists the
absorption bands formied ‘which are present itithe
product but not in the reactants, Colum B lists
absorptions that have d1sappeared “but: Which'
were present in the parent arsenic acrd ke

: Orgaunlead ' . Pdren_t__'_;

L ) " arsonate argonic aeid ™
Com-... " - (formed), i “{disappeared),
pound 0L ema T e GoarcemyThi s e
IIT 1.'875, 855, 1015 865 2702,'2280

880, 778 niiops o
<770, 915;:1220, 2702 2280

768 R AL I STEREE N
LD 1220

VIIL. - 768, 840,870,880 -

{780,940, 1215, o '02 2280'
DX 815,502,870, 883 . .

- 783, 'éz'b" 5850,

XI . 770; 790

The forma.tmn of mtense bands between 7 70 and

: 870 cm. L appears to be eharactenstxc of Pb—OﬂAs

type compounds -Comparison:’ with- Sn—-0-As
spectra, seems to indicate this latter stfuctire ab-
sorbs between: 800 afid 900 cmi=: Tt-should be
realrzed that untll more data. are aveulable these

Meltmg poLuts ".rere takeu "{{ﬁth' ‘a Iioﬁer hot stsge
Orsganclead: starting:-materials . -and reference matetials

'tetraphenyllea.d 13 triphenyllead chlonde aud drpheny]iea.d‘_
" dichloride,® trxphenyllea,d iodide, tnpheuy]lead acetate,l

and: drphenyllead diacetate!s were, prepared by pubhshed
methods. The orga,nosubsututed arsonic.acids were gener-
ously supplied by-American, Smelting & Reﬁnmg Co Rah-

" way, N I through the late R. Ka.ry Infrared spectra.

were obtam usmg a Perkm—Eimer Infracord speetro—:'
photometer. . -
Tnphenyllead Dunethylarsmate (I) —-Sodmm cacody1~
ate trihydrate (Mallmckmdt) (10 mmoles) and tnphenyl—
lead jodide (10, mmoles)- dissolved. in, 200 ml. of ‘methianol
were refluxed for 8 hri . The methanol was evaporated, the
residue ‘washed- with Water several t;.mes, a.nd finally.re- .
crystallized: twice froni methanol; | yield, pure, tnpheny]-
lead dimethylarsinate, 4. g (73%)
JAnal:y Caled. for. anHmAstOg

©, 41745 H, 365

" Ph, 36.05;. As;.13. 04, - Found: ' C, 41 58 H, 3.71; Ph,

35.20;, As; 13 (]2 ’ :
The same reactmn was ea.rned out as described above,

" in benzene;- after. 50 hr. reflux ouiy 0. 3 g.of tnphenyliez.d

d;methyla.rsmate was produced...
Tnphenyllead dnnethyla.rsmate reﬂuxed together wnth

- exCESS glacial acetic acid produced d1phenyﬂead dla.eetate

(13) H dean and I Robmsnu, J' Am Chzm .S'oc. 49 2315

(14} R. Heap and B. C. Saunders, J. Chem Sou
i {15} A. Polis,: Ber,,; 20,3331 (1887).
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gitantitatively:
melting. point with-an authentic sample and:compatison: of

infrared spectra of an authentic Sample T

D1phenyichlorolead Drmethylarsmate (II) -——Drphenyl—_
lead dlcl:donde (10 mmoles}; together with sodittm cacodyls’
ate trilydrate (20 mméles), was dissolved in” 800 li of-
dimethylformaniide and refluxed Tor 8. "A white inselus:
ble precipitate formed on the sides of the flask during the
reaction period.. The precapltate was fltered, washed with '
several ahquots of water, and dred; yleld 4 1g. (76 9%)

of dlpheuylchlorolead dimethylarsinate
“Anals Caled: for Cr Hi0:AsCIPb Ty 31. 50; H, 3. OO

Pb, 38.00; "A§; 1403 Found c 3083 H 315 Pb. '

39.00; As;'13.06. -
An validuot- ol dlpht‘:nylchlorolead drmethylarsmate re-

flixed for several minutes with excess glacidl:acetic: acld

produced d1pheny1chlorolead ‘acetate quant1tat1vely

Drphenyllead Brs—{benzylarsonate) (T 2=Triphenyle
lead chloride (5 mmoles), togetlier with benzylarsonic adid -
{10 mmoles), was dissolved in 400 ml. of methanol and

refluxed ‘for 168 hir: - Arwhite insoluble précipitate was pro-

duced Filtration and washmg withi fresh solvent yrelded .

2 6. (35%) of d:phenyllead “bis- (benzylarsonate)
Anal

18 39;:Pb;:25.9. -

Reac‘uon with glactal geetic acrd produced d:phenyllea,d;'_ _

'dlacetate

Drphenylchlorolea ,Propylarsonate (IV) —-Tr1p§1 -yl
lead chloridé (5 mmoles); together with' propylarsomc ‘deid. .
(5 minoles), Higsolved in 300 ml- of methavol ‘and reflixed
. Filiration.
and: washlng with successwe portlons of metharrol and
water y1e1ded drphenylchlorolead propylarsonate, 2 5 g :

12 hr. produced a white insoluble precipitate:

(89% y:e_ld)

chloroléad” acetate

Dxphenyllead B'zs' (a]lylarsona e) (V} ——Allylarsomc'
acid (10: mmoles) together” with' tnphenyllead chlonde {5 -

noles); was disolveil in 250 ml of pyridine’ and teated at
70° for 24 hr.

_lead bis-( allylarsonate), 3549 yleld
“Anal

21 72:Ph, 30.0077

FRehckion with glamal acetlc' a(:ld produced dtphenyllead- '_

diacetate )
Dlphenyllead Brs—(m—mtrophenylarsonate) (VI)
Nltrophenylarsomc deid (10 miioles);: together. ‘with tria

phenyllead chloride (5 mmoies} in 300 ml. of pyndme, was:
The’ pale yellow ‘erystals that_
gradnally tormed durinp the feaction were filtéred; washed'

hedted at 70" for 24 r.’

-with pyridine* and methaniol; and dried ‘utider: vacuum,

vield, 2 S'g : (53 8%) drphenyllead brs»(m—nrtrophenyl arso— _

riate): :
Aﬂal CBJC(I fOI’ Cg.;HgoOmASgNon C 33. 76' i
2.64: A5, 17.54; “Pb, 24 290 Found ¢33 30 "H, 2. 65
As, 17:40;:Pb, 23.85, :

Reaction with glac:a.l aceﬁc ac:d produced d1pheny11ead

“The : product “was “identified - by inixed

- gut m pyndme at 70° for 6 E1r ancl the product (VI) 1so—"

_ * Caled " for ‘CiHaOdAs:Ph: €, 89.50; H, 3.30;
A 18007 PB 26 1ov Found &, 40,1850, 3.81; CAS;

Cooling produced 2 . of colorless crystals §
Filtfration and washing-of the Tesidne Ieft 2 0 g of (hphenyl— .

‘Caled: for: CmHmOsASsz oy 31 26 H; 3:19%
- As; 21 687 "Ph, 3000_ Founci"C 3091 ;31325 As,'

chlorolead acetate

i Inorganic Chemistry

diacetate. (An alternate synth%ié of VI ‘was carried ot
using tetraphenyllead and; m-mtrophenyiarsomc acid with. :
a smnlar sto1ch metry of 1:2. The reactmn was carrred J

lated A described shove, 3 : :
“ Diphenyliead  Bis- (phenylarsonate) (VII) —Phenylar—
sonic acid. (10 mmoles), together with triphenylead iodide;
(5 mmioles), dissolved..in pyridine was heated 18 hr. at
80°:. Upon standmg overmght Wh1te crystals separated:.
out of solution. Tiltration and afr drying vielded 1.5 .7
{3289 of “tha” drpyndme complex of dxphenyilead brs- -
(phenylarsonate) i
Amzl Caled. for CaaHszOsASgNsz C 44 29
3.58; As, 1626 N,:3.03; Pb 22.49." Found: C 4371
H349 A‘;,1655 N291 Pb 2229 .
“Ah a.quuot of the dipyridine complex boded for Tir; w1th
anhydrous ‘nethanol destroyed the complex to yzeld d1— :
phenyllead: ‘bis-(phenylarsonate). i ‘
- Anal; Caled. for. CngggOr,ASng C 37 74 _H 289 o
As, 19.63; Pb, 27.10. Found C, 38.84; i, ‘3 38 As,"
19.61; Pb, 26.1...
A second ahquot of the pyr:dme complex borled for
several mmutes wrth g!acxal acet1c ac1d yrelded dlphenyl-'
!ead d_tacetate g e ] :

. Reactron of’ Tnphenyllead Chlon _ ; i
Acld.—Methylarsomc aeid (0.02 thole). and” trlph'enylléad '
chlon &(0:02 mole) were ‘dissolved 200 il of: pyrxdme"
anid’ stirfed: fori12 i, in dn oil bath mamtamed dt a tem- -
peratate fof 8(}~90° i The’ wh:te crystalhne ‘plates - that'

. formed durmg the reactxon were.filtered. and- washed with -

chloroform, ; y‘leld 9.5 g, {88 7%) ‘of dlphenylchlorolead :
monobasm ester of methylarsomc acid {IX): g
Calcd for CwH;.;OaASCle ok 29'05 H 2 61 X

S Anals
Ag; 18, 95 i Ph88: 6. I‘ound R4 2. 86 As =
13.62 Pb 384 : : )

Reacuon wrth glactal acetrc ac1d produced d:phenyl—-' R
chloroacetate Compound IX boded i methanol for:30
min; slowly produced a prec1p1tate 6 longer solithle in'the

solvent Thls appears to be the correspondmg a.nhydndé .
compoundX : .
Awalis Calcd for CzaH2505A52Clsz2 fep 29 60 Hy

247 “As, 14235 Pb 3935 Fouod 020: 59 ~Hy 2 R0
As,\14 05;. Pb 39 i s
React:on W:th glacral acetxc ac1d pro uced dlphen - -
chlorolead acetate _ v R
Evaporatlon of the ongmal pyndm
wh1te powder which affer washmg with chloroform’ ylelded' -
1.49; g of & prodect which contains Tead and drsemiviin the . .
ratl_o of 2:1. A cornpound such as compound VIII seems

Reactron of:; I)rphenyllead Drchlonde:_a.nd
Methylarsonate —Diphenyllead ::dichloride : : {0.0F .. mole}
and disoditi inethylarsonate. (0.01 mole) Wer_, drssolved_ )
it dimethyMormamide and reflirxed for 8 Hr.v Durmg the
reaction. a wl:ute powdery: precipitate: gradually Aorted.
The precrp1tate, “fittered and washed Wlﬂl fresh solvent
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several times, yielded 6.0 g. of product msolub‘e i1 cotimon
organic solvents. .

Amal,” Caled: for (CuHgpOsAsPb). (XI of XID: C,.

| 31.3; H, 2.61; As, 15.0; Pb, 41.5. Found: C, 28.48;
" H,2.72; As, 13.87; Pb41.8.

This produét Boiled togethei: with glacial acetic eicid
yielded diphenyllead diacetate,
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